Microwave plasma-assisted chemical vapor deposition (PACVD) reactors have been used extensively for the growth of diamond films. The design geometric features of these reactors vary to enable control and shaping of the electromagnetic fields and plasma discharge. In particular, the design and tuning of various geometric parameters is known to affect not only the electromagnetic field structure, but also the plasma shape during operation. For example, the positioning of the substrate height is known to greatly affect the plasma characteristics when changed as little as a few millimeters. In the past, empirical experience has often guided decisions for changing these physical parameters during design and operation. A more detailed numerical study of these effects related to the geometry and the interaction of the microwave fields and plasma discharge is required. This study may also lead to more efficient reactor designs and ultimately faster deposition rates.
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A systematic numerical study on the effect of reactor design and geometry tuning of hydrogen-based plasmas in Microwave PACVD reactors will be presented. The primary tool used during this study is a self-consistent, multi-physics simulation coupling an electromagnetics model with a reacting plasma flow model. The general operating conditions studied include pressures from 100-300 Torr and microwave powers from 1-3 kW. The electromagnetic fields are first solved over the entire reactor using a complex conductivity profile supplied by the plasma flow model. The absorbed power profile is then supplied to the plasma flow model, where the plasma flow velocities, chemical reaction rates, and energy exchange terms are updated. The two models are coupled to produce a single, multi-physics 2-D (r-z) solution reached via an iterative procedure.
